The gam gene of bacteriophage Mu encodes a protein which protects linear double stranded DNA from exonuclease degradation in vitro and in vivo. We purified the Mu gam gene product to apparent homogeneity from cells in which it is over-produced from a plasmid clone. The purified protein is a dimer of identical subunits of 18.9 kd. It can aggregate DNA into large, rapidly sediment ing complexes and is a potent exonuclease inhibitor when bound to DNA. The N-terminal araino acid sequence of the purified protein was determined by automated degradation and the nucleotide sequence of the Mu gam gene is presented to accurately map its position in the Mu genome.
INTRODUCTION
Precipitated DNA and associated proteins were pelleted by centrifugation for 10 min in a Beckman JA-21 rotor at 10,000 rpm. The gam protein remained in the supernatant. Solid ammonium sulfate was added to 60Z saturation, the slurry was stirred at 0*C for 30 min, and then centrifuged at 12,000 x g for 30 min at 4*C. The pgam activity remained in the pellet which was resuspended in 20 ml of R Buffer (20 mM Tris-HCl, pH 7.5, 10Z glycerol, 1 mM DTT, and 0.1 mM EDTA), and dialysis was carried out for 3 h against R buffer plus 60 mM ammonium sulfate. The protein was passed over a mixed bed column containing 2.0 x 15 cm (50 ml) of hydroxyl apatite on the bottom and 2.0 x 15 cm (50 ml) of DEAEcellulose on the top which was equilibrated with R buffer plus 60 mM ammonium sulface. The gam protein passed through the column, was diluted 2-fold with Rbuffer, and applied to a 2.0 x 31 cm (100 ml) DNA agarose column prepared as previously described (19). The column was washed with 300 ml of R buffer and then developed with a 400 ml linear 20 mM to 1 M NaCl gradient in R buffer. The gam protein eluted at approximately 300 mM NaCl and was concentrated by dialysis against 30Z polyethylene glycol ( MW 8000), 50 mM Tris-HCl, pH 7.6, 1 mM DTT. 5 ml of this preparation was applied to a 1.7 x 42 cm (100 ml) Ultrogel ACA 54 column equilibrated with R buffer plus 50 mM NaCl. The eluted protein was dialyred against R buffer plus 50Z glycerol and was stored at -20*C where it has remained stable for one year.
RESULTS

Isolation of pgam
Plasmid pJA21 (Fig. 1) more than one polypeptide and the possibility that another gene also lies on this fragment cannot be precluded at present. A simple in vitro gam assay was developed based on previous observations that extracts from cells containing pJA21 conferred protection from recBC exonuclease on linear duplex DNA (15). Since the recBC exonuclease (exonuclease V) is difficult to obtain in a highly purified form, we used exonuclease lit in our assay system, which degrades linear double-stranded DNA from the 3'-hydroxyl terminus and is commercially available in a highly purified form from a number of sources. Preliminary experiments indicated that exonuclease III was specifically inhibited by extracts of thermoinduced cells containing the pJA21 plasmid. Incubation of 3 H-Mu DNA with an extract having an overall protein concentration of 3gg/ml conferred 75Z protection from exonuclease III digestion, while extracts of uninduced cells or induced plasmid-free cells showed no effect. Both SDS-PAGE (Fig. 2) and exonuclease III inhibition assays (Table 1) were employed throughout the course of enzyme isolation. Since the pgam purification procedure exploits DNA binding properties of the protein, the first major step was to remove contaminating DNA from the crude thermo-induced extract of MH294 cells carrying pJA21 (Fraction I). This was achieved by a standard precipitation with polymin P to yield Fraction II (Table I ). The residual polymin P remaining in solution after this step proved to be a potent exonuclease III inhibitor which was not removed by ammonium sulphate precipitation of the gam protein (Fraction III). A diagnostic feature of the polymin P inhibitor was its resistance to proteases; incubation of pgam with 50 ug proteinase K per ml abolished its effect, while polymin P inhibition was unaffected. In order to remove residual polymin P, as well as small nucleic acids, Fraction III was chromatographed through a mixed bed column composed of 50 ml hydroxylapatite poured on top of 50 ml DEAE-cellulose. The gam protein passed through this column, yielding Fraction IV which was immediately applied to a single-stranded DNA-agarose column and eluted in a salt gradient at about 0.3 M NaCl (Fraction V). Finally, after filtering through ultragel ACA54, 6 mg of highly purified gam protein were produced (Fraction VI; Fig. 2 lane H) showed a clear coincidence between exonuclease inhibition and the 20,000 dalton protein which was produced abundantly in thermoinduced cells (Fig. 3) .
On SDS-PAGE analysis, the purified protein exhibited a band running slightly ahead of the major staining band (Fig. 3a) . After running long gels for 24 hours to achieve complete separation of the two bands, elution of top and bottom bands, and renaturation by the methods of Hager and Burgess (20), both bands were found to have identical biochemical properties indicating they both represented the gam gene-product.
Sequence of the gam gene and protein
The occurrence of two tones of pgam mobility in SDS-PAGE with apparently identical biochemical activity raised a question of the actual size of the protein monomer. After cloning into the M13 vector mp9, the coding region was sequenced by the dideoxy method (16,17). The gam gene was found to encode a polypeptide 174 amino acids long (Fig. 4) . The purified protein was subjected to automated microsequencing, locating the first 30 amino acids at the amino 
